We have used synchrotron radiation to measure partial photoionization cross sections cr(e:) and photoelectron asymmetries a(e:) for the valence molecular orbitals of NO over the photon energy range hv = 16-31 eV. Features were observed which are attributed to a continuum shape resonance, as predicted by the multiple-scattering model (MSM) calculations. 6 ' 7 Analogous shape resonance features have been observed in the related first-row diatomic molecules N 2 , CO, and o 2 (see, for example, Refs. [8] [9] [10] [11] [12] [13] [14] [15] ). The MSM 16 shows that this shape resonance occurs in the e:cr ionization channel and is produced predominantly by the f-partial wave (~ = 3). An alternative characterization of the shape resonance is provided by the method of improved virtual molecular orbitals {IV0). 18 In the IVO calculations, centrifugal barriers in the molecular ionic potential for high ~-wave components cause resonant trapping of the photoelectron into cr* valencelike orbitals. For the 2w orbital of NO, a second, stronger resonance feature was also observed which is attributed to the e:w and e:6 ionization channels.
The experimental method and data analysis are ·described in Section II. Results are presented in Section III and compared with theory and previous measurements. Conclusions are given in Section IV. 3 
II. EXPERIMENTAL
The asymmetry parameter a(e) is usually determined by measuring photoelectron intensities at several ejection angles and fitting the results to the form of Eq. (1) (for example, as in Refs. 10 and 19).
From this equation, however, it is clear that a(€) can be determined by measuring photoelectron intensities at only two angles. In our apparatus the time structure (0.3 nsec pulse width and 780 nsec repetition period) of the synchrotron radiation at the Stanford Synchrotron Radiation Laboratory (SSRL) is used to record time-of-flight (TOF) photoelectron spectra. 20 As shown schematically in Fig. 1 , two TOF "detectors are operated simultaneously. 20 One detector is positioned to accept electrons ejected at 0° with respect to the polarization vector, for which P 2 (cose) is unity, and the other at 54.7°, the "magic angle, .. where P 2 (cose) vanishes. In the TOF method, ejected electrons of all energies are recorded simultaneously, which greatly increases the collection efficiency and signal-to-noise ratio in comparison with single-channel electrostatic analyzers. These are important advantages in our experiments, because beam time at SSRL is limited and the incident photon beam is two orders of magnitude less intense than that from a typical He(I) line discharge lamp. More fundamentally, by recording all of the photoelectron peaks simultaneously at both angles, we avoid the need to correct peak areas for variations in sample density or photon beam intensity, thereby reducing systematic error. I + ac(e) (5) The subscript c in Eq. (5) The efficiency calibration curve f 0 (e) determined in the present experiments is plotted in Fig. 2 .
The subscript 0 is given to f 0 (e) and a 0 (e), because Eqs. (5) (6) and ( (6) after correction for these effects. the Be value used for calibration and the a value being determined.
In the limit that the unknown a value is identical to the calibration Be value, there is no correction to Eq. (6}. This result is obtained no matter how great the deviation of the actual experimental conditions from the idealized experiment. This is illustrated in Table II where deviations from the corrected a values of Table I As stated in Eqs. (3) and (4), the photoelectron signals observed by the TOF detector at the magic angle are proportional to the angleintegrated partial cross sections, independent of a(&). Energy-dependent, relative partial cross sections were determined by (7) where N(54° ,£) is the number of photoelectron counts recorded at the magic angle detector, T(54o ,£) is the collection efficiency (relative transmission) of the detector at electron energy£, n is the sample gas density, t is the spectrum collection time, and I is the intensity of the photon beam. A sodium salicylate scintillator, optical phototube, and picoammeter were used to monitor the photon beam intensity. 25
For each gas, the sample density in the interaction region was assumed proportional to the pressure backing the gas inlet, 20 as measured by a capacitance manometer. The picoammeter and manometer signals were integrated over the collection time to account for variations. Collection times were typically 1000 sec. The magic angle detector transmissian function was determined from photoelectron spectra of the rare gases, for which reliable cross sections have been tabulated. 26
The partial cross sections of Eq. (7) were corrected slightly for the effects of incomplete linear polarization of the photon beam and angle-averaging over the finite source volume and detector solid angle. 8 As for the a measurements, there is no correction to the measured cross section if the a value of the gas being measured is identical to the a value of the transmission calibration gas. In the present experiment the corrected partial cross sections differed by 2 percent or less from the values given by Eq. (7).
The electron spectrometer was separated from the ultrahigh vacuum Table III shows that the present branching ratio measurements are in good agreement with the (e,2e) results. Note that the (e,2e) cross sections plotted in Fig. 7(a) are for the combined c 3 rr and s 1 rr ionic states, 39 which could not be resolved in t~e (e,2e) spectra. As shown in Table III ... Reference to a company or product name does not imply approval or recommendation of the product by the University of California or the U.S. Department of Energy to the exclusion of others that may be suitable. · ..
